Recently, the possibility of PD1 pathway-targeted therapy has been extensively studied in various human malignant tumors. However, no previous study has investigated their potential application for soft-tissue sarcomas (STS). In this study, we evaluated the clinical impact of intra-tumoral infiltration of PD1-positive lymphocytes and PD-L1 expression in tumor cells in 105 cases of STS. Intra-tumoral infiltration of PD1-positive lymphocytes and PD-L1 expression were seen in 65% and 58% of STS, respectively. Both PD1-positivity and PD-L1 expression were significantly associated with advanced clinicopathological parameters such as higher clinical stage, presence of distant metastasis, higher histological grade, poor differentiation of tumor, and tumor necrosis. Moreover, both PD1-positivity and PD-L1 positivity were independent prognostic indicators of overall survival (OS) and event-free survival (EFS) of STS by multivariate analysis. In addition, the combined pattern of PD1-and PD-L1-positivity was also an independent prognostic indicator for OS and EFS by multivariate analysis. The patents with a PD1 + /PD-L1 + pattern had the shortest survival time. In conclusion, this study is the first to demonstrate that the infiltration of PD1 positive lymphocytes and PD-L1 expression in STS cells could be used as novel prognostic indicators for STS. Moreover, the evaluation of PD1-and PD-L1-positivity in STS is also available as possible criteria for selection of patients suitable for PD1-based immunotherapy.
Introduction
Programmed death 1 (PD1) is a member of the CD28 receptor family and attenuates immune responses by negatively regulating T-cell proliferation and function [1, 2] . The expression of PD1 on activated T cells, especially on regulatory T cells, enhanced the suppressive function of regulatory T cells [2, 3] . The inhibitory effect of PD1 on the activation of T lymphocytes is mediated by the interaction with costimulatory ligands PD-L1 and PD-L2. Especially, the PD1/PD-L1 interaction attenuates the immune response by decreasing cytokine production [4, 5] and inducing T lymphocyte anergy and apoptosis [6, 7] . The expression rate of PD-L1 in human malignant tumors has been reported to vary from 19% to 92% [8] and the expression of PD-L1 was associated with progression [9] [10] [11] [12] and poor prognosis of various human cancers [9, 10, [13] [14] [15] [16] [17] . In addition, intra-tumoral infiltration of PD1-positive T-cells was also positively correlated with the progression of human malignant tumors [11, [18] [19] [20] [21] . Based on the prognostic impact of the infiltration of PD1-positive lymphocytes and PD-L1 expression in human cancers, PD1 has been put forth as a novel target for immunotherapy of human malignant tumors [8, [22] [23] [24] [25] . In mouse tumor models, blocking of the PD1 pathway induced tumor regression or prolonged survival of tumor bearing mice [24, 25] . Recent reports have shown that anti-PD1 and anti-PD-L1 antibody augmented T-cell proliferation and enhanced humoral immunity [26, 27] . In addition, recent preliminary data from clinical trials targeting the PD1-pathway showed response rates of 18 -31% in human cancers [22, 23] .
Soft-tissue sarcomas (STS) account for less than 1% of human malignant tumors [28] and approximately 50% of STS that were completely resected developed recurrence [29] . Although conventional chemotherapy has shown to benefit patients with advanced STS [30] , research into new therapeutic modalities for STS is needed [29] . When considering the important role of the expression of PD1 and PD-L1 in the progression of human malignant tumors, especially for the carcinomas and malignant melanomas, there is reason to believe that the expression of PD1 and PD-L1 could also be involved in STS pathogenesis. Therefore, based on recent evidence of the clinical significance and therapeutic potential of targeting the PD1/PD-L1 interaction in human cancers, we evaluated the clinical impact of the intra-tumoral infiltration of PD1-positive lymphocytes and PD-L1 expression in STS.
Results

Association of tumor infiltrating PD1-positive lymphocytes and PD-L1 expression with clinicopathological characteristics of soft-tissue sarcoma patients
The association of PD1-or PD-L1-positivity with variable clinicopathological factors of STS is summarized in Table 1 and  Table 2 . PD1 was expressed in tumor infiltrating lymphocytes and PD-L1 was expressed mainly in tumor cells (Figure 1 ). Intra-tumoral non-neoplastic stromal cells showed negative or weak expression of PD-L1 ( Figure S1 ). Intra-tumoral endothelial cells and inflammatory cells also expressed PD-L1 in some cases ( Figure S1 ). PD-L1 expressing tumor cells escape from the lysis by activated T lymphocytes [31] and the expression of PD-L1 in tumor cells associated with progression of human malignant tumors [9, 10, [13] [14] [15] [16] [17] . Therefore, PD-L1 expression in tumor cells was evaluated by immunohistochemical scoring for PD-L1. Representative negative or positive cases of PD1 or PD-L1 immunostaining in various STS are shown in Figure 1 . The mean number of PD1-positive lymphocytes in STS was 18.5 in 10 HPF (mean ± standard error, 18.5 ± 4.6; range, 0-380). The positive subgroups, according to the presence of PD1-positive lymphocytes and PD-L1 expression, were 58% (61 of 105) and 65% (68 of 105), respectively. The presence of tumorinfiltrating PD1-positive lymphocytes was significantly associated with older age of patients, higher tumor stage, distant metastasis, higher histologic, tumor differentiation, mitotic count, and tumor necrosis. PD-L1 expression was also significantly associated with higher tumor stage, deep-seated sarcoma, distant metastasis, higher histologic grade, tumor differentiation, and tumor necrosis. There was possible correlation between PD1-positivity and PD-L1 expression (P = 0.063). When we performed additional analysis by combining PD1-and PD-L1-positivity (the PD1/PD-L1 pattern), it was significantly associated with the age of patients, tumor stage, depth of sarcoma, distant metastasis, histologic grade, tumor differentiation, mitotic count, and tumor necrosis (Table 2) . When we analyzed tumor stage according to the histologic type of STS, there was tendency towards higher tumor stage for leiomyosarcoma, undifferentiated sarcoma, Ewing sarcoma, angiosarcoma, epithelioid sarcoma, embryonal rhabdomyosarcoma, and clear cell sarcoma (Table S1 ).
The infiltration of PD1-positive lymphocytes and the expression of PD-L1 in sarcomas correlate with reduced overall survival and event-free survival according to univariate analysis (Figure 2 B) . The expression of PD-L1 also predicted shorter OS (P < 0.001, HR; 5.699, 95% CI; 2.558-12.700) and EFS (P < 0.001, HR; 3.274, 95% CI; 1.776-6.036) (Figure 2 C) . The PD1/PD-L1 pattern was also significantly correlated with OS (Log-rank, P < 0.001) and EFS (Log-rank, P < 0.001) (Figure 2 D) + /PD-L1 + groups were 90%, 74%, and 13%, respectively. When additional analysis was performed according to the stage of STS patients, the PD1/PD-L1 pattern was also significantly associated with OS and EFS in both low stage (stage I and II) and high stage (stage III and IV) subgroups. In the low stage subgroup, the PD1/PD-L1 pattern was significantly associated with OS (Log-rank, P < 0.001) and EFS (Log-rank, P < 0.001) (Figure 3 A) . In the high stage subgroup, the PD1/PD-L1 pattern was also significantly associated with OS (Log-rank, P < 0.001) and EFS (Log-rank, P = 0.003) (Figure 3 B) .
The infiltration of PD1-positive lymphocytes, the expression of PD-L1, and the combined expression pattern of PD1 and PD-L1 in soft-tissue sarcomas are independent prognostic factors of shorter event-free survival and poorer overall survival
The variables included in the multivariate analysis for OS and EFS in Model 1 were age, tumor stage, tumor depth, histological grade, tumor differentiation, mitotic count, tumor necrosis, intra-tumoral infiltration of PD1-positive lymphocytes, and PD-L1 expression. From the multivariate analysis, tumor fold (95% CI, 2.132-9.502) greater risk of death (P < 0.001) and a 3.174-fold (95% CI, 1.761-5.720) greater risk of shorter EFS (P < 0.001). In addition, the patients with PD-L1 expression had a 4.827-fold (95% CI, 2.093-11.131) greater risk of death (P < 0.001) and a 2.629-fold (95% CI, 1.407-4.911) greater risk of shorter EFS (P = 0.002). When we included the PD1/PD-L1 pattern and excluded PD1-and PD-L1 positivity from the multivariate analysis (Model 2), the PD1/PD-L1 pattern was also an independent prognostic indicator of OS and EFS of STS patients (Table 4) .
Discussion
In this study, we have shown that 58% of STS had intratumoral infiltration of PD1-positive lymphocytes and 65% of STS expressed PD-L1. Both PD1-positivity and PD-L1 positivity were independent prognostic indicators for OS and EFS of STS by multivariate analysis. In addition, the combined PD1/PD-L1 pattern was also an independent prognostic indicator for OS and EFS by multivariate analysis. These findings suggest that the PD1 and/or the PD-L1 expression pattern is very helpful for the prediction of the prognosis of STS patients, and might be used for the selection of patients which could benefit from PD1 pathway-targeted therapy.
In human malignant tumors, the expansion of PD1-positive lymphocytes was closely correlated with the progression of human malignant tumors. Intra-tumoral infiltration of PD1-positive lymphocytes predicted poor survival in renal cell carcinoma [20, 21] and follicular lymphoma [11] . The expansion of PD1-expressing cells was closely correlated with anti-tumor immune modulation, especially when combined with increased intra-tumoral infiltration of FoxP3-positive regulatory T cells [18, 21] . Co-infiltration of PD1 + cells and regulatory T cells was an independent poor prognostic predictor of renal cell carcinoma [21] . In addition to the prognostic significance of in situ infiltration of PD1-positive lymphocytes in tumors, the increase in circulating PD1 + /CD8 + T cells also correlated with the progression and poor outcome of hepatocellular carcinoma patients [19] . Therefore, systemic immunotherapy targeting the PD1 pathway has been proposed as a potentially effective new therapeutic modality for advanced human malignant tumors. Recently, there have been many ongoing trials with PD1 pathway-targeted immunotherapy in various cancers [8] . Recent preliminary data for immunotherapy with an anti-PD1 antibody resulted in response in 27 -31% of renal cell carcinoma, 28% of melanoma, and 18% of non-small cell lung cancer patients [22, 23] . However, there have not been any previous studies investigating the clinical significance of tumor infiltrating PD1-positive lymphocytes to predict the potential of
Table 3 (continued).
Abbreviations: OS, overall survival; EFS, event-free survival; HR, hazard ratio; 95% CI, 95% confidence interval; LN, lymph node; HPF, high-power fields; PD1, PD1 and PD-L1 in Sarcoma PLOS ONE | www.plosone.orgPD1-targeted immunotherapy in STS. In line with previous reports that the infiltration of PD1-positive lymphocytes predicted progression of human malignant tumors, our results are the first to show that the infiltration of PD1-positive lymphocytes was significantly associated with poor prognosis of STS. Therefore, our results strongly suggest that PD1-targeted therapy could also be beneficial to those in the poor prognostic subgroup of STS, which have infiltration of PD1-positive lymphocytes.
In addition to the prognostic significance of intra-tumoral infiltration of PD1-positive lymphocytes, our data also show that the expression of PD-L1 in STS is an independent indicator of poor prognosis of STS patients. In agreement with our results, the expression of PD-L1 has predicted poor survival of breast cancer [9] , esophageal cancer [10] , pancreatic cancer [13] , gastric cancer [14] , hepatocellular carcinoma [15] , urothelial cancer [16] , and renal cell carcinoma patients [17] . Moreover, in addition to the prognostic indicative role of PD-L1 expression in human cancers, the expression of PD-L1 is important for the prediction of the efficacy of PD1-targeted immunotherapy; this is reflected in previous results which demonstrated that 36% of patients having PD-L1 + tumors responded to anti-PD1 immunotherapy, while patients with PD-L1 -tumors did not [8] . Thus, assessing both PD1-positivity and PD-L1 expression could be powerful tools for the selection of patients which could benefit from PD1-pathway targeted immunotherapy. In our investigation, the co-expression pattern of PD1 and PD-L1 significantly predicted the clinical course of STS. STS with a PD1 + /PD-L1 + phenotype showed the shortest survival time and a more progressive phenotype of STS. Even in low stage STS, the five-year survival rate of the PD1 + /PD-L1 + subgroup was only 29% and the ten-year survival rate was 0%. In contrast, the ten-year survival rates of the PD1 -/PD-L1 -subgroups was 94% in low-stage STS and 67% in high-stage STS. These results suggest that the PD1/PD-L1 interaction has an important role in the progression of STS and might be helpful for the selection of patients which could benefit from PD1-targeted therapy. In this study, STS samples were 65% PD- . Therefore, a substantial proportion of STS patients could be a potential candidate for PD1-targeted immunotherapy.
Despite the importance of the PD1/PD-L1 interaction in tumor evasion, the exact mechanism of how the PD1/PD-L1 interaction affects the tumor microenvironment to promote the escape of tumor cells from anti-tumor immunolosurveillance is not clear. Recently suggested mechanisms include that the expression of PD1 in T-cells is increased by tumor-associated antigens or that gamma-chain cytokines are secreted into the tumor microenvironment [15, 21] . Subsequently, interferon-γ secreted by PD1 + /CD8 + T cells increase the expression of PD-L1 in tumor cells, which results in tumor evasion via apoptosis induction in cytotoxic CD8 + T cells [19] . Recently, there are many ongoing trials with PD1 pathwaytargeted therapy of various carcinomas, hematopoietic malignancies, and melanoma. However, there have been no previous studies investigating the potential of such therapies for the treatment of STS. STS is one of the malignant tumors which commonly has poor outcomes and only limited therapeutic options. In this study, we have demonstrated for the first time that the infiltration of PD1 positive cells and PD-L1 expression in STS cells could be used as novel prognostic indicators of STS. Moreover, in addition to the prognostic impact of PD1-positivity for STS, our findings also suggest that the evaluation of PD1-and PD-L1-positivity in STS might be used for the selection of patients suitable for PD1-based immunotherapy.
Materials and Methods
Ethics
This study obtained institutional review board approval from Chonbuk National University Hospital. Written informed consent was provided according to the Declaration of Helsinki.
Patients and samples
One hundred and forty-five cases of STS patients, other than those with gastrointestinal stromal tumors and Kaposi's sarcomas, who underwent surgical resection for the primary lesion between July 1998 and December 2011 at Chonbuk National University were included in the present study. However, original histologic slides, paraffin-embedded tissue blocks, or clinical information were not available in thirty-three cases. Thereafter, the remaining 112 cases of STS were reviewed and classified according to the 2013 World Health Organization classification of tumors of soft tissue and bone [28] . Seven cases originally diagnosed as well differentiated liposarcoma were reclassified as atypical lipomatous tumor and excluded from this study. As a result, 105 cases of STS were available for this study (Table 1) . Forty-one patients received adjuvant chemotherapy; thirty-four patients received radiation therapy; sixteen patients received both adjuvant chemotherapy and radiation therapy; and forty-six patients received no adjuvant treatment. The median follow-up duration was 35 months (range, 1 -175). The median survival was 59.9 months and the five-and ten-year survival rates for the entire STS patients were 50% and 36%, respectively. Tumors were graded PD1 and PD-L1 in Sarcoma PLOS ONE | www.plosone.orgaccording to the FNCLCC (French Fédération Nationale des Centres de Lutte Contre le Cancer) system [28] , and staged based on the guidelines of the American Joint Committee on Cancer [32] . Clinical information was obtained by reviewing medical records.
Establishment of tissue microarray and immunohistochemical staining
The tissue microarray (TMA) established after review of original H&E slides. Two 3.0 mm cores were taken from the most intact solid area of the highest histological grade which did not showing necrosis or degenerative change. Immunohistochemical staining for PD1 (1:50, Abcam, clone NAT, Cambridge, UK) and PD-L1 (1:100, Santa Cruz Biotechnology, clone H-130, CA, USA) was performed on 4 µm thick sections of TMA slides after microwave antigen retrieval. For negative controls, tissue sections were incubated with antibody diluent (DAKO, Cambridge, UK) without primary antibody. Immunohistochemical scoring was performed by two pathologists (Jang KY and Kim KM) without the information of clinicopathological factors. To minimize inter-observer variability, two authors simultaneously counted PD1-positive cells and evaluated staining area and staining intensity for PD-L1 immunostaining with the consensus under the multi-viewing microscope (Nikon ECLIPSE 80i, Nikon, Tokyo, Japan). The consensus for immunostaining scoring was reached after discussion by two authors. To quantify tumor infiltrating PD1-positive lymphocytes, the number of PD1-positive lymphocytes were counted at the highest numbered five high-power fields (HPF) in each TMA core. Thereafter, the number of PD1-positive lymphocytes was scored by adding the number of PD1-positive lymphocytes of the two different TMA cores. The field diameter of HPF was 0.55 mm, and the area of one HPF was 0.238 mm 2 . Therefore, the total area analyzed per case for counting of PD1-positive lymphocytes was 2.376 mm 2 . For the evaluation of immunostaining for PD-L1, we scored staining intensity and the area of staining. The staining intensity scored as 0 (no staining), 1(weak staining), 2 (intermediate staining), and 3 (strong staining). The area of staining was scored as 0 (0-10% of the cells stained), 1 (11-33% of the cells stained), 2 (34-66% of the cells stained), and 3 (67-100% of the cells stained). Thereafter, the sum of intensity score and staining proportion score was used for further analysis. Subsequently, the immunohistochemical expression of PD-L1 was scored by adding the sum score of two different TMA cores. The maximum combined score was twelve and the minimum combined score was zero.
Statistical analysis
The cut-off number for PD1-positive lymphocytes and the cut-off score for PD-L1 immunostaining were determined by the area under the curve (AUC) of the receiver operating characteristic (ROC) curve at the highest positive likelihood ratio point for overall survival (OS) ( Figure S2 ). Because the ROC curve is a plot of the true positive rate (sensitivity) versus the false positive rate (1 -specificity) for the determination of the death of patients, the cut-off level for the ideal test is presented as the sensitivity 1 and specificity 1 (AUC 1.000).
Therefore, we choose the cut-off point at the highest AUC value. The cut-off point of the PD1 immunostaining was one PD1-positive lymphocyte in 10 HPF from two TMA cores. The area under the curve was 0.719 for PD1 (Table S2) . When there were one or more PD1-positive lymphocytes in two 3.0 mm cores, they were included in the PD1-positive subgroup. The cut-off point for the combined score of PD-L1 immunostaining was eight. The area under the curve was 0.736 for PD-L1 (Table S2 ). The immunostaining for PD-L1 was scored positive when the combined score was greater than or equal to eight. Pearson's chi-square test was used to analyze the association between the immunohistochemical staining and variable clinicopathological factors. The end points of interest were OS and event-free survival (EFS). The followup end point was the date of last contact or death through March 2013. OS was measured from the date of diagnosis to the date of last follow-up or death by STS. Patients who were still alive at last contact or death from other causes were treated as censored for OS analysis. EFS was calculated as the time from diagnosis to the date of last follow-up, local relapse, late distant metastasis, or death from STS. Patients who were alive at last contact without local relapse or late distant metastasis or who died from other causes were treated as censored for EFS analysis. Univariate and multivariate Cox proportional hazard regression analyses were performed to estimate the impact on OS and EFS. Survival analysis also evaluated using Kaplan-Meier survival analysis. Statistical analysis performed by using SPSS software (version 18.0). P values less than 0.05 were considered statistically significant. 
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